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PREFACE 



The Hazardous Contaminants and Standards Branch has been assigned 
the specific mandate of co-ordinating the development of standards 
(guidelines) for the regulation of various hazardous substances in 
the environment. These standards must address both human health 
concerns and the protection of the environment. 

A priority list of candidate substances for standard setting was 
developed by the Ministry of "Environment. This list includes 
microorganisms because of the potential health hazard posed by 
excessive levels of these organisms in the environment. 

In June of 1983, a Standards Co-ordinator was appointed to: 

a) review existing microbiological guidelines for recrea- 
tional waters, and, 

b) develop the scientific criteria for new standards which 
would be more closely allied to public health considera- 
tions. 

Both Internal and External Expert Committees were formed to 
provide the Co-ordinator with technical direction and a forum for 
critical review of the document. 

This document provides the scientific basis for the formulation of 
Provincial microbiological standards, following input of public 
opinion and legal, policy and economic considerations. 
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EXECUTIVE SUfffllARY 

In June 1983, the Ontario Ministry of the Environment initiated 
a review of the Microbiological Water Quality Objectives for 
recreational waters. The purpose of this review was to develop 
new standards (guidelines) which would be more closely allied to 
public health considerations. The review was carried out under 
the technical direction of an Internal and an External Expert 
ConuTtittee. 

The present document presents the scientific criteria for the 
development of new standards and includes the following recom- 
mendations : 

1. The use of guidelines based on fecal coliforms should be 
discontinued because of the lack of correlation between 
environmental levels of this indicator and human health 
effects . 

2. New microbiological standards based on the indicator 
organism E Achzxlch ia cotl and the pathogen, 
P^cadomorta-i ae.A.agXrto-4a should be adopted. The docu- 
ment discusses the relationship between swimming- 
related illness and levels of the organisms in 
recreational waters. E-6chet-t.c(i-ta coZi levels in 
recreational waters will provide medical authorities 
with a measure of the potential risk o£ gastroenteric 
disease for bathers. P^eacfomorta^ a(L>iiiglnoJi>a will 
provide a measure of protection for swimmers from 
otX-ti-h cxte^ina (swimmer's ear). 

3 . Microbiological standards are effective measures of 
public health protection if used in conjunction with 
other beach management criteria, namely: 

a) sanitary surveys, 

b) physical and aesthetic water quality considera- 
tions, 

c) constant review of epidemiological information to 
assess the potential for epidemics. 

4. Regular review of these standards is advocated to ensure 
that they reflect the raost recent advances in scientific 
knowledge. 
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EXECUTIVE SUMMARY (Cont'd) 

The report also recommends standardized field sampling and 
laboratory protocols for use in conjunction with the new 
standards. Specifically, sampling at a water depth of 1 to 
1.5 ra during peak swimming activity and a minimal sampling 
frequency of 12 samples per sampling site over the swimming 
season are suggested, 

A quality control model which allows health agencies to 
interpret microbiological data both on the basis of a sea- 
sonal geometric mean for E ichtx^ch^a cot-i and on the 
basis of more immediate short-term microbiological data, is 
described in detail. 

In addition, the report provides a historical and technical 
perspective on: 

a) the development and use of microbiological guidelines 
for recreational waters, 

b) the relevance of microorganisms to human health, 
and, 

c) the microorganisms of concern in recreational 
waters. 

Research needs, which should be addressed to substantiate the 
relationships between levels of indicators and pathogens in 
recreational waters and human health concerns, are presented 
for management consideration. 
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1.0 INTRODUCTION 



Ontario's lakes and rivers are the major focal points for 
many leisure time activities. When these waters are contam- 
inated with human or animal wastes, their use for body con- 
tact recreation (swimming, water skiing, etc.) may pose a 
health hazard for the users. 

Pathogenic organisms, such as bacteria, viruses and proto- 
zoans enter receiving waters from sewage effluents, storm 
water outfalls, non-point source runoff and from the bathers 
themselves. Many of these etiological agents of waterborne 
disease can survive for long periods in the aquatic environ- 
ment. Thus, a measure of the suitability of the water for 
body contact recreation is crucial for the protection of 
public health. This need for water quality guidelines is 
especially important in densely populated urban areas where 
available waterways are intensively used for both recreation- 
al purposes and the disposal of industrial and municipal 
wastes . 

Present day microbiological guidelines for recreational 
waters are typically based on indicator organisms, rather 
than direct enumeration of pathogens. These guidelines pro- 
vide a relative measure of the extent of fecal contamination 
and associated pathogens but are not well based on human 
health effects. 

tt is only in recent years that prospective epidemiological 
studies have provided a data base relating illness, as mea- 
sured by symptomatology, to several microbiological indica- 
tors of water quality. This information, coupled with cost- 
benefit data, provides a basis for making responsible decis- 
ions on acceptable levels of risk to human health versus the 
loss of recreational facilities. 

In light of these developments, the Ontario J^inistry of the 
Environment initiated a review of our existing microbiolo- 
gical guidelines for the purpose of developing new standards 
that are closely allied to public health considerations. 
This review was carried out under the technical direction of 
experts from the Ontario Ministries of Environment and 
Health, National Health and Welfare, U.S.A. Environmental 
Protection Agency and the Universities of Toronto and British 
Columbia. 
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2,0 HISTORICAL OVERVIEW OF THE DEVELOPMENT OF MICROBIOLOGICAL 
GUIDELIIJES FOR RECREATIONAL WATERS 

Early efforts in the development of microbiological standards 
for bathing water commenced with the formation of the Ameri- 
can Public Health Association Joint Committee on Bathing 
Places (A. J. P. H. ,1922). In 1924, the Committee proposed a 
tentative bacterial standard for swimming pools, but no stan- 
dard was proposed for natural bathing beaches (A.J.P.H., 
1924). In 1936, the Joint Committee proposed a classifica- 
tion scheme for natural waters based on ooliform counts and 
suggested that waters with coliform densities up to 1000 per 
100 mL could be regarded as acceptable ( A.J .P .H. , 1935 ; 1936) 
Subsequent committee reports in 1939 and 1955 emphasized the 
paucity of information on the role of natural bathing places 
in the spread of disease (A.P.H.A., 1957). 

The 1000 total coliform (TC) per 100 mL was generally adopted 
as a guideline by most jurisdictions. In 1951, Streeter 
attempted a more analytical approach for Ohio waters. He 
introduced a bather risX factor based on coliform- 
Satmomlta ratios, and concluded that waters with 1000 TC 
per 100 mL would not present a hazard to bathers. 

In 1963, at the request of the American Society of Civil 
Engineers, Sanitary Engineering Division, the Public Health 
Activities Committee reviewed the status of coliform stan- 
dards for recreational waters. The Committee found that most 
U.S.A. states and Canadian provinces recommended the use of 
voluntary guidelines based on total coliforms. Their report 
concluded that, "the coliform organisms are used widely in 
the sanitary classification of bathing waters but there is 
practically no evidence that would support any of the current 
numerical values" (ASCE Journal of the Sanitary Engineering 
Division, 1963). 
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In 1968, the National Technical Advisory Committee (NTAC) to 
the Federal Water Pollution Control Administration recommend- 
ed that fecal coliforras (FC), a sub-group of total coliforms, 
be used as the bacterial indicator of water quality since 
they are more specifically related to sewage contamination. 
They recommended an upper limit of 200 FC per 100 mL for 
recreational waters. 

The NTAC recommendations were based on epidemiological 
studies conducted by the U.S. Public Health Service in the 
late 1940 ' s and early 1950 's and summarized by Stevenson in 
1953. These studies were conducted at two freshwater sites 
on Lake Michigan and the Ohio River and two marine sites. 
Swimming-associated gastroenteritis was not observed at the 
marine sites nor at the Lake Michigan sites. However, the 
Ohio River study showed increased gastrointestinal illness at 
median coliform densities of about 2300 per 100 mL. Data 
subsequently collected from the Ohio River site during the 
1960 's suggested that a level of 400 FC was approximately 
equivalent to the threshold number of 2300 total coliforms 
(Geldreich, 1966). Following application of a safety factor, 
the 200 FC per 100 mL guideline was developed. Although the 
design of Stevenson's studies has been severely criticized 
(Moore, 1975; Cabelli Ct at, 1975), it is apparent 
that these studies have formed the basis of most guidelines 
in use today. 

The NTAC guideline of 200 FC per 100 mL is now the moat 
widely used criteria for recreational waters in North 
America. It was adopted by the U.S.A. Environmental Protec- 
tion Agency in 1972 and by the Canadian Government (National 
Health and Welfare) in 1983, although some agencies have 
adopted more stringent guidelines (Table 1). 

Extensive sampling of Ontario beaches during the 1960 ' s 
revealed that FC levels were generally well below 100 per 
100 mL unless a significant pollution source were present. 
Ontario's guideline of 100 FC per 100 mL was first recommend- 
ed in 1970 as a means of protecting the quality of our recre- 
ational waters and providing a greater degree of protection 
to the public. 
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TABLE 1. RECREATIONAL WATER GUIDELINES IN SELECTED 

JURISDICTIONS 



Jurisdiction 



CANADA 



Total 
Coliforms 



Fecal 
Coliforms 



Federal 

British Columbia 

Alberta 

Manitoba 

Ontario 

Newfoundland 

New Brunswick 

Nova Scotia 



1000 

100 (MPN) 
1000 

500 

2500 



200 
200 
200 

20 
100 

20 
200 
200 



(MPN) 



OTHER 



U.S. -EPA 

W.H.O 

U.S.S. R. 

Greece 

Italy 

Belgium 

Sweden 



1000 
500 



200 
100 



100 
200 

100 
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3.0 RELEVANCE OF MICROORGANISMS IN RECREATIONAL WATERS TO HUMAN 
HEALTH 

An adverse health effect has been defined as, "a biological 
change which reduces the level of well being or functional 
capacity. These biological changes can range from trivial to 
fatal", (Higgins, 1983). Most infectious diseases transmit- 
ted by recreational waters although not necessarily trivial, 
do not constitute a serious illness and are not usually 
reported to or by medical authorities. The most common swim- 
ming-associated illness in recent studies in the U.S.A. was a 
relatively benign gastroenteritis of short duration suspected 
to be caused by a rotavirus or Norwalk-like virus. The symp- 
toms typically included one or a combination of: vomiting, 
diarrhea, stomach ache or nausea (Cabelli, 1983a; Dufour, 
1984). 

Potentially, any infection where the etiological agent is 
excreted in the feces, can be transmitted to bathers through 
swimming in sewage contaminated waters (Cabelli, 1983a). 
These include enteric bacterial diseases such as salmonello- 
sis (including typhoid), shigellosis, cholera, and viral 
diseases such as infectious hepatitis. Common non-enteric 
infections include swimmers ear [otA.t4.4> HKtztna) , swim- 
mer's itch and various boils and rashes (Cabelli, 1978; 
Cabelli, 1983a). 

There are few instances of well-documented outbreaks of dis- 
ease associated with recreational waters (Schiemann, 1976; 
U.S. Department of Health and Human vSciences 1981, 1982). 
Fewer than 20 outbreaks of enteric disease have been reported 
in the literature and most of these appear to be associated 
with swimming in heavily polluted waters (Dufour, 1984). 
Even in cases of documented outbreaks, monitoring of the 
water often took place well after illness was apparent, thus 
making the link to conditions prevalent at the time of swim- 
ming rather tenuous. 

According to Discher (1963), the first documented report of 
bathing-associated illness was an outbreak of 49 cases of 
typhoid in 1888, following swimming in the Elbe River. The 
American Public Health Association reported a similar typhoid 
epidemic at a boy's camp in 1921 (A.P.H.A., 1922). Typhoid 
epidemics in Canada and the U.S.A. between 1920-1936 were 
documented by Gorman and Wolman (1939). They reported only 
four outbreaks involving 35 cases that could be attributed to 
swimming activities. 
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With the exception of an outbreak of salmonellosis in Austra- 
lia in 1958 (Anonymous, 1961), diseases attributed to 
SalmoniLllaL have declined since the 1940 's. It has been 
suggested that this decline is a result of sanitary advances, 
including improved sewage treatment and disinfection 
(Discher, 1963; Dufour, 1984). Most swimming related 
enteric disturbances now appear to be of viral origin 
(Dufour, 1984). 

Although poliomyelitis has been a disease of major concern, 
no clear evidence has established recreational waters as a 
source of transmission. In a study in England, Moore (1959) 
monitored the swimming experiences of children with diagnosed 
poliomyelitis and a comparable disease free control group. 
He concluded that swimming activities were unrelated to the 
transmission of this disease. 

It has been suggested that reports of outbreaks of swimming- 
associated disease may understate their actual occurrence 
(Cabelli, 1983a). With regard to various mild forms of gas- 
trointestinal disturbances, the lack of evidence is quite 
understandable since most people would not seek medical 
attention. Also, many of the enteric diseases are transmis- 
sible by other means, including drinking water, contaminated 
food and person to person contact. Consequently, the source 
of the etiological agents is extremely difficult to trace 
unless an outbreak occurs within a geographically confined 
area such as a summer camp. 

3.1 PATHOGENIC ORGANISMS 

From a health perspective, it would appear to be logical to 
routinely examine recreational waters for the pathogens 
(etiological agents), such as Satmonntta and 
Shigella, which can cause waterborne disease. There are, 
however, a number of reasons why this is not a common 
practice. Firstly, there are a great variety of infectious 
organisms which can be transmitted by a waterborne route. 
Since their densities are not interdependent and can vary 
both temporally and spatially, separate measurements for each 
pathogen would be required. Secondly, pathogen densities in 
feces and sewage and, consequently, in receiving waters, are 
extremely variable. Their densities are dependent on the 
number of carriers in the discharging population. Finally, 
the relationships between the recovery of pathogens from 
recreational waters, the frequency of transmission and the 
hazard to public health are unclear. 
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Perhaps the greatest barrier to the routine monitoring of 
pathogens is the unavailability of practical and reliable 
methods for their enumeration. For example, investigations 
into the occurrence of viruses in recreational waters have 
been hampered by the limitations of virus concentration and 
recovery methods. Current methods are relatively expensive, 
time consuming, require highly trained personnel and are only 
capable of recovering a narrow spectrum of the enteric virus- 
es which may be present in the water. 

One of the notable exceptions is P^zadomona^ at'Laginoia. 
for which suitable enumerative methods have been developed 
(Levin and Cabelli, 1972). This pathogen has been identified 
as the major etiological agent for "swimmers ear" {otitic 
externa) (Cabelli, et al, 1974). Research studies 
have shown a relationship between the numbers of P. 
azfrngino-ia in the water and the incidence of ear infec- 
tion. Therefore, P. eLtAMqinostL ka.A bttn pJiopo-bt-d aA a. 
m9,a.ittiK9. oi tfcfc KlJE oi tuX Zni9.<LtlonA In tkt. bathzK 
popu.ta.t4.on.. 

In summary, tests for most pathogenic organisms are recom- 
mended mainly as supplementary measures for special investi- 
gations of suspected waterborne diseases or where an outbreak 
of disease among a potential user population has occurred. 
Some of the more important causative agents of waterborne 
disease are described in more detail in Appendix I. 

3.2 INDICATOR ORGANISMS 

Environmental microbiology presents some unique problems. 
Unlike clinical situations, pathogenic organisms in the aqua- 
tic environment are usually present in low numbers, irregu- 
larly distributed and, thus, difficult to isolate and quan- 
tify. Consequently, it is common practice to monitor sur- 
rogate groups of organisms (indicators) as a measure of water 
quality. These indicator organisms are far more abundant in 
the environment than pathogens and are, therefore, easier to 
detect. 
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Historically, the main concern with waterborne pathogens has 
been the potential spread of infectious enteric diseases, 
such as cholera and typhoid, whose etiological agents are 
usually present in waters contaminated with fecal wastes. 
Thus, it is not surprising that the water quality indicators 
used in environmental microbiology are groups of organisms 
that are present in the feces of all warm-blooded animals in 
numbers far exceeding pathogens. The presence of elevated 
levels of the indicators in the environment is indicative of 
fecal contamination and associated hazard from pathogens. 

The desirable characteristics of an ideal fecal indicator 
have been summarized by the National Academy of Sciences 
(1977) as follows: 

(a) suitable for use in all types of water; 

(b) present in sewage and polluted waters when pathogens are 
present; 

(c) their number is correlated to the amount of pollution; 

(d) present in greater numbers than pathogens; 

(e) do not proliferate in the aquatic environment; 

(f) survive for longer periods in the environment than path- 
ogens ; 

(g) absent from unpolluted waters; 

(h) readily detected by simple and accurate laboratory meth- 
ods, and; 
(i) harmless to man and animals. 

ht present, the most widely used indicators of recreational 
water quality are the total and fecal coliforms. These indi- 
cators are, however, defined by methodological rather than 
precise taxonomic criteria and, thus, include a variety of 
organisms rather than just the definitive fecal bacteria. 

The total coliform test enumerates bacteria in the family, 
Enterobac ter iaceae : E ■itchzfLic.hla , Kttb Jsi-iz tZa , Citro- 
bacter and E n t z fi o b a c t i. X and may also include 
Ai.xomon.cL^. The use of this indicator has been discontinued 
by many jurisdictions since it is now recognized that some of 
the genera within this group (e.g. Klzb^lzlta, 
Citrobacter and E nt^xobactzA.) are not fecal specific. 
In fact, total coliforms can be isolated from most waters, 
including those essentially untouched by man (Goodrick zt 
al 1970). Sources of coliforms in water uncontaminated by 
human or animal wastes include soil, air and natural 
proliferation under nutrient rich conditions. 
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In 1968, the National Technical Advisory Service recommended 
the use of fecal coliforms, a sub-group of total coliforms 
since they are more fecal specific. The fecal coliform test 
enumerates: E.cotl, Kltbilzlla , E nttiobactz^ and 
CitA.obactzA., Only E. coll is considered a definitive 
fecal coliform. Kli.bi>lzlla is infrequently present in 
human feces and will furthermore proliferate in carbohydrate 
enriched aquatic environments. Thus the fecal coliform group 
suffers from some of the same shortcomings as the total 
coliform indicator (Cabelli, 1983a). 

In 1983, Cabelli zt at noted that "ideally, recre- 
ational water quality indicators would be microorganisms 
whose densities in the water could be quantitatively related 
to swimming-associated health hazards". It is only in recent 
years that research studies have attempted to define the 
exposure-response relationship between several microbiologi- 
cal indicators of water quality and illness in the bather 
population (Cabelli, 1983ar and Dufour, 1984). The bacterial 
indicators used as a measure of water quality in these stud- 
ies included F. doll, Enterococcus and fecal coliforms. 
Good coKK9,la.tlon.A we^e obtalmd bttuzzn th^ Incldzncz oi 
swimming -a^ A o elated llln9^^ and both E. coll and t.nti.JLo coc<ia4t 
dtn^ltlt^ In tk9. waX^A, Ho ^ach \t,J[ktlonAhlp w&A ioand iox 
th9, i«,<Lat cotl^oKm Indicator , 

Table 2 compares the characteristics of these three indica- 
tors. It is apparent that both enterococcus and E. coll 
more closely fulfill the requirements of an "ideal indicator" 
than do the more heterogeneous fecal coliform group. In 
fact, the advantages of E. cotl were recognized by the 
Canadian Federal Government in their recently published 
Guidelines for Canadian Recreational Water Quality (1983). 
This document states: "If the methodology for enumeration of 
f. coll were as simple, easy and well standardized as 
methods for fecal and total coliforms, it would be the 
indicator of choice for recreational waters." 

Although highly significant relationships between the density 
of enterococci and incidence of gastrointestinal disease in 
bathers have been developed for both marine and freshwater 
beaches in the U.S.A. (Cabelli 1983, Dufour 1984), thz 
dtvzlopm«.nt oj an OntaAlo Atandaxd ioK EntZKococcaA Li C.U.K- 
K^ntltj hampt^xzd b^ thz paacltif oi Canadian data on ItA occuA- 
Atnte and by lack oi agA9,t.mt.nt on acc«.ptablt laboJtatoJty pJto- 
tocoli. Pending resolution of these difficulties, 
enterococcus may be adopted as a comparative or alternative 
indicator to E. coll. 



TABLE 2 . IDEAL INDICATOR CHARACTERISTICS IN THREE INDICATORS OF FECAL CONTAMINATION (modified from 
Dufour, 1983) 



Ideal Characteristics 

1. Present when pathogens are 

2. TInable to grow in aquatic environments 

3. More resistant to disinfection than pathogens 

4. Easy to isolate and enumerate 

5. Applicable to all types of water 

6. Exclusively associated with fecal wastes 

7. Occur in greater numbers than pathogens 

8. Density of indicator should have direct 
relationship to degree of fecal contamination 

9. Indicator density should correlate with health 
hazard from a given type of pollution 



Enterococci 


E. CO 


li 


Fecal Coliforms 


Yes 


Yes 




Yes 


Yes 


Yes 




No 


Yes 


■JfO' 




No 


Yes 


Yes 




Yes 


Yes 


No 




No 


Yes 


Yes 




No 


Yes 


Yes 




Yes 



Yes 



Yes 



Yes 



Yes 



No 



No 
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Total staphylococci have also received considerable attention 
as a potential indicator for recreational waters. They have 
been specifically proposed as a measure of the impact of 
bather density on water quality. Stadll^ on tfce Jie/a- 
tlotuklpj^ 6«.t»een tfce d^n^ltltA oi total -& tap hif to cocci and 
bath9.\ Itlnt^A a\t caKAe.ntZy in pA.ogA.t^iA and antf dtci4lon 
xtgaAdlng ItA pKacticat a^i a^ a AtandaKd mtiAt await comple.- 
tion oi tkiAt ongoing t-HoAtA, 
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4,0 DERIVATION OF THE MICROBIOLOGICAL STANDARDS FOR 
RECREATIONAL WATERS 

The lnt9.\H.at And Bxti.xnat Expert Commltttt.^ oi -the. U4.cJL0bA.0- 
logicaZ StandaA.d StJttiiig pKogxam kavt A.t.c.omm9.nde.d tht. a^e 0^ 
E. c.o£i. and P. a^Kiiglno^a <U ^tcACtttiona^ toa.tt.A. qaat4.ty Indl- 
catox-&. A AiibAtaiitiat data baA9. on tif pleat tt.vi.JLi ol tht^z 
oAganl^m-A at OntaJLio bt.ae.kt..i JLi now avaZtabtz and pKactlcat 
tabo^atoAy pAotocot^ fcave. 6«.tii dtvttopzd. E. cotl tt.vztJ> In 
A9.cA.t.atlonat mat^K* toltt p^ovld^ medical aathoM.4.t4.i.A with a 
mi.a.6u\t. oi tki. pottntlat xlAk o^ gaAtKolntz^tlnat (£i4e.a-&e ^ox 
bathtA..6 and tht \9.commzndatlon^ ^ox P. azxu-glnoAa Akoatd 
pxovldt a mta^tiAt. o^ pxott.e.tlon ^ox ■6wlmmt.AJ> Jxom otltl-& 
txti.Jtna . SlmltaM. AtandaxdA fiauc bt.tn Kzcinttif pAopo^id E^ 
the lnt9,xnatlonat Joint Comml^^lon IIJC, I9i5), 

To e,nAa\9. that tht. PA.ovlncJ.at ^tandaxd^ x^^tzct tht mo.&t 
xtctnt AcJ-tntlilc advanct.^ In pabtlc h^atth pAot9.cXlonf -tcgu- 
taJL Atvlta Lb AtKongttf Xt.c.omm9,nd9.d. 

It lA at^o ImpoAtant to enpfto^xze that anif mlcxoblotoglcat 
AtandaxdA a^c onty an t.iii.cX.lvt mea^uAe oi pabtlc hzatth pAo- 
ttctlon li tiAid In conjancXlon with othzA btach managtmtnt 
cAltt.Ala , * namttif : 

[a) SanltaAy AuAvt-ifA; 

[b) Pht/Alcat and ae.Athttlc. watt.A qaatlty con^ldzAatlonA; 

(cl Constant A9.\rltM oi t.pld9.mlotoglc.at In^oAmatlon to eUAtAA 
the. pot^ntlat ioA t.pldt.mlcA; 

ESCHERICHIA COLI 



4.1 



4.1.1. Description 

E.coll are Gram-negative, facultatively anaerobic, 
non-sporeforming rod-shaped bacteria that occur singly 
or in from other members of the family Enterobacteri- 
aceae by a series of biochemical tests (iMViC reaction). 
E. cotl typically produce indole, and give a positive 
methyl red test. F. cotl do not produce acetyl 
methyl carbinol and cannot utilize citrate as a sole 
source of carbon. 



* These criteria are currently under review by a separate 
Ministry of Health, Public Health Branch, Committee. 
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Because, in the past, it was necessary to use a fairly 
long and relatively expensive testing procedure to 
separate f . doti. from other enteric bacteria of 
the same family, the total and fecal coliform tests were 
established as indicators of the presence of fecal con- 
tamination. It was, however, always recognized that 

E. coti were the organisms of choice for the 
detection of sewage contamination. Recently, Dufour 
(1975 and 1981) devised a more simple membrane filtra- 
tion method (m-TEC method) that is quite specific for 

F. coli, (Pagel ^t al 1982). The F. coll 
target organism is defined as that typical colony grown 
on the m-TEC-Ig media described under the laboratory 
methods section. 

4.1.2. Occurrence and Source: 



E. cotl are inhabitants of the gastrointestinal 
tracts of man and other warm-blooded animals. Dufour 
(1977) found that E. doll make up 90-100% of all 
coliforms in the feces of domestic animals. They are 
rarely, if ever, found growing in natural environments. 
Therefore, E. coti. can be used as specific, 
reliable indicators of fecal contamination of water, 

E. CO ii concentrations vary widely in aquatic 
habitats in Ontario. Their numbers range from less than 
1 E. coZi per 100 mL in some recreational lakes, 
to thousands per 100 mL in areas contaminated with 
sewage or stormwater. Based on available data, it 
appears that the percentage of E. coll in the 
traditional fecal coliform test is also quite variable, 
ranging from 63 to 100% in samples from recreational 
waters (Table 3). The relationship appears to be so 
variable that it would be difficult to apply a general 
average. Th e r mo t o 1 e r a n t K I z b -i i s. 1 1 a and 
Clt^obacttx make up a portion of the fecal coliform 
number, and they have been known to survive, and indeed 
multiply, in an organically rich environment. 
Klzb.6ie.lla, for example, thrive in pulp and paper 
mill effluents (Bell Ct al 1978 and Rokosh zt 
al 1977) and in textile industry effluents (Vlassoff 
1977). The great fluctuations in the percentage of 
E. coll as part of the fecal coliforms are probably 
largely due to the KlzbAlzlla component of the 
fecal coliform group. 
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TABLE 3. MINISTRY OF THE ENVIRONMENT AND MINISTRY OF HEALTH 
MICROBIOLOGICAL DATA ILLUSTRATING THE E. COL I 
FRACTION OF THE FECAL COLIFORM LEVELS IN TYPICAL SAMPLES, 



ONTARIO 
SOURCKS 



E. CO LI AS A 
PRRCENTAGF 
OF FECAL 
COLIFORM LEVELS 



Toronto Waterfront 

Several Tiake Huron Beaches 

Several beaches on smaller 
inland lakes 

Ottawa beaches 

Pulp and paper mill 
effluent 

Sewage effluent (may contain 
industrial effluents) 



63 to 95% (GM) 
97 to 100% 

90% (overall GM ) 
90 to 100% 

1% (overall GM) 

54 to 100% 
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4.1.3. Relationship to Human Health 

Studies by Dufour (1984), Ktsanes ^t at (1979), 
and Reyfried at at (1983) indicate that the risk 
of contracting gastrointestinal illness is greatly 
increased if a person swims in water contaminated with 
domestic wastes. Recent epidemiological studies have 
found a strong relationship between levels of F. coli 
in recreational waters and the incidence of swimming- 
associated gastroenteric symptoms (Cabelli tt at, 
1983; Dufour, 1984). 

These epidemiological studies were conducted at several 
sites in the U.S.A., including freshwater beaches at 
Keystone Lake, Oklahoma and Erie, Pennsylvania. At each 
lake, two separate sites were monitored, one with good 
water quality and one impacted by sewage outfalls. The 
beach surveys were conducted on weekends to take advan- 
tage of the large populations as well as to permit moni- 
toring of the water quality during peak swimming activ- 
ity. In total, 28,966 swimmers and 9,274 non-swimmers 
participated in the study over a 3 year period from 1979 
to 1982. 

Swimming was rigidly defined as complete immersion and 
"significant exposure of the upper body orifices to the 
water". The non-swimming control group were selected 
from beachgoers who did not meet this definition of 
swimming. Interviewers solicited information from each 
participant on age, sex, ethnicity, etc., and also 
whether the person swam and got his head and face wet, 
length of time and time of day in the water, and the 
illness symptoms they may have had in the previous week. 
T f an individual had gone swimming in the previous five 
days, they were not asked to participate in the study. 
Telephone interviews were conducted 8 to 10 days after 
the swimming experience. The relationship for the inci- 
dence of swimming-associated illness was derived from 
the differences in symptomatic illness rates between 
swimmers and non-swimmers and the density of bacterial 
indicators in the water. 

Figure 1 illustrates the significant relationship 
between seasonal mean concentrations of E. coIa, 
and the incidences of bather illness. The slope of the 
regression line was calculated using illnes rates for 
"highly credible gastrointestinal symptoms" (gastro- 
enteritis). Gastroenteritis is defined as any one of 
the following: (I) vomiting, (2) diarrhea with fever, 
and (3) stomach ache or nausea accompanied by fever. 
The correlation coefficient for the association between 
gastroenteritis and F. coll densities was 0.804. 



-16- 



30 



CO LU 

UJ 2 

t- o 

CO o 

< o 

D E 

Ui UJ 

HI 



< 

DC 



O 

o 

CO 
CO 

< s 

' O 
o ,_ 

z 



2 
m 



CL 

2 

CO 



20 — 



10 



1 1 1 I I I I I I 

Regression Equation: 
y=-1 1 .74 + 9.397(log x) 



T 1 — I I I I I 



Geometric Mean 

95% Confidence Limits 



" 




I I M 



to 



100 1 000 

SEASONAL MEAN E. coli DENSITY PER 100 ML 



Figure 1: Relationship between swimming-associated 
gastrointestinal disease and E_. coli 
(seasonal GM) densities in recreational 
waters, 95% confidence limits (from 
Dufour, 1984). 
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Similar epidemiological studies were carried out by Seyfried 
and Brown (1983) on several inland Ontario beaches, not 
impacted by industrial wastes. A total of 1,366 swimmers and 
non-swimmers was interviewed during this study. From these 
interviews, information was accumulated on bathing activities 
and incidences of swimming-related illness. The results 
indicated a statistically significant difference in illness 
rates between swimmers and non-swimmers. The study also 
suggests some correlation between fecal coliform densities 
and bather Illness rates (p = 0.0058). Although this study 
used fecal coliform results, typing of the typical fecal 
coliform colonies indicated that E. coIa. accounted for 
over 90% of the fecal coliform count, thus supporting the 
relationship between bather Illness rates and E. coti 
levels. 

4.1.4. Limitations of the Data : 

1. The rationale for the use of guidelines or standards 
based on the densities of a fecal indicator assumes a 
relatively constant ratio between the indicator and 
pathogens in sewage effluents and consequently the 
receiving waters. This relationship could change under 
epidemic conditions. 

2* The morbidity data collected on swimmers and non-swim- 
mers have been averaged over an entire season. The 
levels of indicator organisms are compared with this 
seasonal average of epidemiological data. The micro- 
biological data cannot be used to assess the risk of 
disease on any specific day. It should also be remem- 
bered that the microbiological results are not available 
until at least the day after the samples are taken, 
hence the system is not set up for immediate response. 

i« The F. tol<. samples for the epidemiological survey 
were taken in waters 1 to 1.5 meters in depth. This 
appears to ignore the risk to the toddlers that bathe in 
the shallow waters. The study, however, addresses that 
area by analyzing morbidity data on all bathers, no 
matter the age or where they swam. The objectives 
should thus protect all bathers including the children 
bathing in the shallow areas. 

4* It has been estimated that only about 30% of the 
swimmer-associated ailments are gastrointestinal 
(Dufour, 1984). Hence E. coll as an indicator of 
risk to public health is fairly limiting in terms of 
overall swimmer- associated morbidity. 
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4.1.5, Reconunended Standard; 

£. cotl i.4 A«.c.ommtH.dt,d a.A tkz ind-icatoK o{ cfco-cce ^04 
Jit.cAr9,a.tionat wattx^ -crt Ontario, Bo^ed on tht, ^.ttatlon- 
Ahlp dt.ACA'ib^d 4.n flguxt t, a maximum app^K timit io^ 
E_, c.o^'i' c-o-n bt 9^tabZiAkid once an acczptabtz ttvt.t oi 
AlAk o^ ga-btxaintCAtinat dX'&ed'&e {ox AwlmmzXA v«.\.&u.A the 
toAA oi At.cAt.at4,on.a.t ^acxZ-ct-ce^ ka-A been de^Xned. At a 
nean dtiislttf oi IS E. c.o£.t peA. tOO mL, th^Ki lA no Alg- 
n-iiicant di.iit.Jt€nc.t jin~~IIl.n.9,^^ be^Cioeen th9. swimming and 
non-Av04,mmi.ng popatation. About 7 ^wimm^.A^ ptK tOOO {o\ 
0,7l\ aJte. at Ai-ik oi contKactlng ga^tJiointi^tlnaZ sym- 
ptom^ at mt,an E. c.o£i. dtn^ltl^A oi 99 pe^ 100 mL. At 
tJO e. coll ptJt 100 mL, 10 AwlmmtA^ pe^ 1000 {1i\ maif 
dtv9.rop ga^tA.oZntt.Attnat *ymptomA. 

4.2 PSEUDOMONAS AERUGINOSA 

4.2.1. Description; 

P. attag-inoAa is a motile Gram-negative, rod-shaped 
bacterium which produce oxidase, pyocyanin and fluori- 
scein. This organism typically requires minimal growth 
factors, and can multiply in mineral media containing 
very low levels of organic material. P. azingino^a 
exhibits extensive biochemical versatility and resis- 
tance to anti-microbial agents. The P. ae-tag-tno-sa 
target organism is that organism that gives a typical 
colony when grown on the m-PA medium as described in the 
laboratory methods section. 

4.2.2. Occurrence and Source ; 

P. afmginoia has been considered ubiquitous in U.S. 
waters, but studies done by the M.O.E. on lakes in 
Ontario indicate that P. azxtigino^a is most likely 
to be found in bathing areas impacted by high human 
activity. Both sewage and bathers themselves are a 
possible source of this organism in recreational waters. 
In raw domestic sewage, concentrations of 10^ to 10& 
P. ao.'Lagino.ita per 100 mL are common, since slightly 
in excess of 10% of the healthy adults in the TJnited 
States are intestinal carriers of P. ae.iaginO'ia . 
P 4 cu.<fo mo (ta-4 levels in excess of 100 organisms per 100 
mL can be measured in waters receiving surface drainage 
from urban areas or water recently contaminated with 
sewage . 

Lanyi e.t at (1966) noticed that P. ae.\ag ino .ia 
survived longer in waters than did coliforms. Drake 
(1966) suggested that P. a^Kaglno^a levels from 1 
to 10 per 100 mL could be expected in rivers with low 
but definite sources of contamination. Levels of 
P. azitiglno-ha in Ontario recreational waters range 
from per 100 mL to greater than 100 per 100 mL, and 
the median level is typically less than 1 per 100 mL 
(Burger, 1983). 
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4.2.3. Relationship to Human Health 

P. aziaginO'&a. is a bacterium known to cause s"kin 
rashes (Kush & Hoadley, 1980) and eye infections (Wilson 
and Ahearn, 1977) and is the primary organism associated 
with ear infections {otltl4> zxtz\na) (Alcock, 
1977; Cassisi Zt <xl, 1977). A relationship has 
been developed between levels of P. aii.Xu.Q4,no^a in 
the bathing waters and the risk of contracting ear 
infections. 

Hoadley and Knight (1975) reported that the frequency of 
"earaches" among swimmers was 2.4 times higher than 
among non-swimmers. They also noted that 78% of the 
infected ears of the swimmers, and 33% of the infected 
ears of the non-swimmers contained P. ae.-lag-tnoAa . 
This relationship of Pseudomonas to ear infections is 
supported by Burger (1983), Calderone and Mood (1982) 
and Jones (1965). 

If P. azMiglno^d is present in the water, immer- 
sion of the ear allows water to penetrate the ear canal 
and may lead to either colonization or infection by this 
organism. The actual process of infection is not under- 
stood, and appears to be, in part, related to the sensi- 
tivity of the individual to P. aaMiQino^CL infec- 
tions. Once P. a<LKViQlno&a have either colonized 
or infected an ear, these organisms can be spread into 
the water if the individual allows the infected ear to 
be immersed while swimming (Seyfried and Cook, 1984). 

Data from a four year comprehensive study, carried out 
by the MOK, were used to develop a relationship between 
the concentration of P. ae-^ag-trtOAa in the bathing 
waters and the risk of an ear infection. The study 
included sampling of shoreline and midlake stations in 
both populated and unpopulated lakes, as well as beaches 
with public access. Physicians and hospital staff were 
invited to co-operate by providing medical information 
and by supplying bacterial swab samples from the ears of 
their otitic tKtzxna patients. Ear swabs were 
also collected from volunteer bathers and non-bathers. 
Swabs were taken from bathers' ears both before and 
after swimming. 
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In 1978, 38 people (10%) of the 380 people interviewed, 
reported having an ear infection during the summer. 
Seventy-one percent of the people reporting ear infec- 
tions were 5 to 14 years old, and 95% had previously 
experienced ear infections. Similarly, in 1979, 79 of 
the 1,042 people interviewed (8%) reported experiencing 
an ear infection. Seventy-five percent of those repor- 
ting ear infections were 14 years old or younger, and 
90% of them had experienced ear infections previously. 
Most of the people reporting ear infections swam fre- 
quently (Table 4) . 

The study data indicate that P. a^tagino^a were 
present in ear swabs from 3% of healthy swimmers prior 
to swimming and 8% of the bathers' ears following 
swimming. The study also showed that P. atxaginoia 
levels tended to increase as the number of swimmers 
increased since the organism was more easily isolated 
from heavily used beaches than from swimming areas 
fronting on private cottages. 

A total of 1,612 P. a^laginoia were serotyped in 
1977 and 1978. The frequency of isolation of typable 
P. attag-inoAa was much higher at public beaches than 
in samples from mid- lake stations. The results of the 
serotyping and the ear swabbing program support the 
proposal that the major source of P. a^tu.ginO'ia in 
bathing waters are the swimmers themselves, with water 
acting as the vector for transmission from one swimmer 
to another. 

Burger (1983), using these data, found that an ear 
infection rate of 12 per 100 bathers could be related to 
the 75th percentile of P. az\agino.6a levels in the 
range of in to 100 per 100 mL. An ear infection rate of 
less than 8 per 100 bathers, occurred when the 75th 
percentile levels were 2 or less P. aztagino-ia per 
100 mL. Median P. azxaginO'da levels were less than 
1 per 100 mL in all cases. 

4.2.4. Limitations of data 

1. P. a^LXagino-ia are usually isolated in low numbers 

from recreational waters. Typically, many of the data 
are reported in the "less than" category which does not 
lend itself to traditional statistical interpretation. 
The development of a relationship between bather illness 
rates and ambient densities of P. ai.laginoi>a was 
accomplished by using the 75th percentile method. 
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TABLE 4 THE FREQUENCY OF SWIMMING ACTIVITY OF THE STUDY POPULATION 
(1,042 PEOPLE) AND THOSE REPORTING AN EAR INFECTION IN 
1979 (MODIFIED FROM BURGER, 1983). 



Frequency 
of Swimniing 


RESPONSE 


Study 
Population 


Those Reporting an 
Ear Infection in 1979 


Did not swim 

Occasionally to Frequently 

Very frequently 


11 j 
406 : 
584 


2% 

4% 

i 
10% 



Occasionally to Frequently - l-4x/week. 
Very frequently - 4 or more times/weelc. 



•■^ 
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%t The levels of P. a^KaginO'ia in a bathing area will 
be influenced by the bather density especially the pres- 
ence of P. a9,\uginoAa carriers or individuals with 
P. a<iKu.gino-&a infections. 

3. P. eLZXaglnoAalnave only been related to the risk of 
Botlti.i dKttxna. These organisms have not been 

statistically related to other bather afflictions. 

4.2.5 Recommended Standard 

P. ae^ttg^no^g Ia pKopo^zd aa a AtandaAd ^ox pM.O' 
taction, oi AtoA.mmt,JU iKom otitic extern*. On the baAl* 
oi Ava.llabtz cvi-ctcncc, li tht l^vtJLi oi P^ at-AaQlno^a, 
exceed 10 pe* 100 mL, In moxt tha.ii tS pe^tceitt oi tkt 
^ea^oitaX AampltA, ctltlA ^xttxmA symptom* can 6e 
9.xpt,cJtt.d to OCCII.A In Itl oj tkt bathtx popatatlom.. 



i 
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5,0 STANDARD IMPLEMENTATION 

The appropriate field sampling, laboratory and data interpre- 
tation protocols required for implementation of the new 
microbiological standards for recreational waters are des- 
cribed in the following sections: 

5.1 FIELD METHODS 

A recent survey of 43 Ontario health units showed consider- 
able variation in the field sampling methodology used by 
these agencies in their beach monitoring programs (MOE, MOH, 
1983). This variability in approach has, in the past, caused 
considerable confusion over the interpretation of microbio- 
logical data and the subsequent need to placard beaches which 
exceeded the 100 fecal coliforms per 100 mL objective. 

It is evident that only the adoption of a standardized field 
sampling protocol by all agencies involved can generate com- 
parable data and ensure uniform application of the microbio- 
logical standards in all jurisdictions. 

The field sampling protocol recommended in the present docu- 
ment reflects the methods used by Dufour (1984) in developing 
the relationships between the indicator organisms (f. 
doti., enterococcus) and the incidence of bather illness. 
Of particular significance in this regard is the 1 to 1.5 m 
sampling depth used in their studies. A similar sampling 
protocol was used by Burger for enumerating P. ae^ag-tno^a 
(Burger, 1983). 

Mthough the use of this sampling depth may not be feasible 
at all Ontario beaches, it must be recognized that an alter- 
nate sampling depth could invalidate the relationship between 
bather illness and the presence of E. dotl. Consequent- 
ly, in these situations, more reliance must be placed on 
other criteria such as sanitary surveys to establish the need 
to placard a beach. 

5,1.1. Location of Sampling Site 

The location and number of sampling sites must be perm- 
anently fixed following a detailed sanitary survey. 
These sites should be representative of the water qual- 
ity throughout the beach and should include sampling 
points in the areas of greater bather activity, as well 
as in areas potentially impacted by drains, storm 
sewers, river or stream inputs. 
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5.1.2. Sampling Depth 

Microbiological samples must be collected in waters 1 to 
1.5 m deep and about 15-30 cm below the water surface. 
At beaches where very shallow waters preclude sampling 
at this depth, samples should be collected as far off 
shore as possible, within the swimming area. Care must 
be taken to avoid contamination of samples with surface 
film and sediments. 

5.1.3. Frequency of Sampling 

The minimum recommended sampling frequency is 12 samples 
per sampling site over the bathing season. This fre- 
quency was derived by methods described in the ASTM 
manual on quality control (1951) and represents the 
smallest number of samples which could generate a repre- 
sentative seasonal average. At this level of sampling, 
the incidence of bather illness may exceed the accept- 
able illness rate by 300 per 100,000 bathers or 0.3% of 
the bather population. This minimal level of sampling 
intensity should only be used for beaches with historic- 
ally uniform water quality and little seasonal vari- 
ation. More frequent sampling is essential for beaches 
that are affected by intermittant pollution sources 
(e.g., storm sewers, agricultural drains) or are known 
to have variable water quality. Samples should be col- 
lected during peak swimming activity, 

5.1.4. Meteorological Factors 

The impact of meteorological factors, such as rainfall, 
wind direction, intensity of sunlight, water tempera- 
ture on the bacterial quality of water will be addressed 
by the MOH Committee in conjunction with other beach 
management criteria. However, it is suggested that 
meteorological information be collected and recorded at 
each sampling time so that each health agency can deve- 
lop an ability to predict the impact of these factors 
(e.g., rainfall) on the microbiological water quality, 

5.1.5. Sample Containers 

Samples must be collected in pre-sterilized glass or 
plastic bottles containing Sodium thiosulphate, issued 
by the MOH or MOE laboratories (100 mg/L final concen- 
tration) . 
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5.1.6. Sample Transport to Laboratory 

Samples should arrive at the Laboratory as soon after 
collection as possible, preferably on the day of collec- 
tion. During transport, sample temperature should be 
maintained below 10° C (preferably at or near 4° C) 
using refrigeration or ice in insulated containers. 
Sampling should only be done when laboratory analysis 
can be done within 24 hours. 

5.1.7. Sample Perishability Limit 

Samples must be received at the Laboratory and analyzed 
within 24 hours of sample collection. Samples aged more 
than 24 hours from collection or subjected to unsuitable 
handling conditions will not be analyzed. The date and 
time of sample collection must be specified for each 
sample. 

5.2 LABORATORY METHODS 

This section describes the reference methods used for the 
examination of recreational water. Only a general outline of 
each method is provided below. A detailed description of the 
analytical procedures employed can be found in the "Handbook 
of Analytical Methods for Environmental Samples - Microbio- 
logical Methods", Ministry of the Environment (MOH, 1984). 
Alternate methods may be used only if they provide equivalent 
results to the reference method. Equivalency is determined 
using the ASTM Performance Characteristics, according to 
Section D-3870-79. 

5.2.1. Escherichia coli 

Dufour in his epidemiologic study used the m-TEC-urease 
method; however, preliminary studies using sewage efflu- 
ents indicate that the sensitivity and accuracy of the 
m-TEC-urease and m-TEC-Ig methods are equivalent in the 
recovery and enumeration of F. cotA., This finding 

was supported by MOE, MOH, and Dufour (personal communi- 
cation). The data further indicate that the m-TEC-Ig 
method has superior specificity (89%) versus 84% in the 
m-TEC-urease. An additional consideration is the labour 
cost involved in the methodologies. m-TEC-urease is a 
two-step procedure and more labour intensive than the 
one-step m-TEC-Ig method. It is recommended that per- 
formance characteristics be established according to 
ASTM, Section D-3870-79. 

Membrane filter analysis: M-TEC-Ig agar method 
(Reference Method). 
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Water sample aliquots are filtered through 0.45 urn pore 
size membrane filters. Membrane filters are placed on 
M-TEC-Ig agar medium and incubated at 44.5° C for 23 
hours using a method which provides a delayed rise in 
temperature. Following incubation, all yellow or pre- 
dominantly yellow (greenish-yellow or brownish-yellow) 
colonies with a yellow or colourless margin, 0.5 mm in 
diameter or larger, are counted using lOx magnification 
as F. coZi colonies. Colonies with a green, 
turquoise or blue halo appearing in the membrane filter, 
should not be counted. 

5.2.2. Pseudomonas aeruginosa 

Membrane filter analysis: m-PA agar method (Reference 
Method) . 

Water sample aliquots are filtered through 0.45 um pore 
size membrane filters. Membrane filters are placed on 
m-PA agar medium and incubated at 41.5* C for 48 hours. 
Following incubation, all flat, tan to dark brown or 
black colonies, using lOx magnification, 0.5 mm or 
larger, are counted as P. ae^ugZno-ia colonies. 

5.3 DATA INTERPRETATION 

The medical officer of health sould take appropriate action 

if: 

a. Certain local conditions (e.g., rainfall and associated 
runoff, epidemics, sewer bypass) occur that may result 
in a health risk in the bathing area; or, 

b. the microbiological standards are exceeded. 

5.3.1 The Quality Control Approach to Recreational Water 

The "Quality Control Model" places the health authori- 
ties in the role of quality control officer for the 
product, namely, the bathing water at a beach (Burger 
and Dufour, in preparation). The consumer is the bather 
population that uses the beach. The amount of swimming- 
associated gastrointestinal illness is regulated by 
posting the beach when the levels of an indicator bac- 
teria in the water exceed the standard. 
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As in any quality control procedure, the assumption has 
been made that the quality control officer is familiar 
with the factors affecting water quality. This famil- 
iarity is gained through adequate sanitary surveys of 
the beach and its environs. A sufficient number of 
samples should be taken over an appropriate period of 
time to fully characterize the possible sources of 
interference and their variability. Once the sanitary 
survey has established the potential sources of contam- 
ination, then a routine microbiological monitoring pro- 
gram should be carried out: 

a) to ensure that the water quality is being main- 
tained, and, 

fe); to identify incidences of possible non-compliance. 

Table 5 has been generated from the relationship between 
seasonal bather illness rates and seasonal E. aoti. 
geometric means (Dufour, 1984) as described in Section 
4.1.3. The table shows the seasonal number of swimmers 
affected by gastrointestinal illness versus the seasonal 
E. coti. geometric mean. Qnce an acceptable seasonal 
swimming-associated illness rate has been chosen, the 
appropriate E. coli. geometric mean can be estab- 
lished as the microbiological standard. The quality 
control model was developed to assist the quality 
control officer in determining whether the microbiologi- 
cal data collected throughout the swimming season will 
comply with this seasonal F. cot'i standard. 

The quality control limits provided in Table 6 and 
illustrated in Figure 2 are based on the quality control 
model described by A.STM (1951) and modified by Burger 
and Dufour (in preparation). These control limits were 
generated with Toronto area microbiological data using: 

sl a standard deviation of 0.7 (e.g., monthly standard 
deviations on Toronto area data ranged from 0.1 to 
1.5), and , 

M a one-sided 95% upper confidence level as the 
control limit. (This means that there is a 1 in 20 
chance that a sample can exceed the control limit 
without actually exceeding the established 
standard) . 
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TABLE 5 t SWIMMING ASSOCIATED GASTROINTESTINAL ILLNESS RATES (PER 100,000 

SWIMMERS) AND CORRESPONDING SEASONAL GEOMETRIC MEANS FOR E^ COLI . 
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200 
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350 
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400 


47 


450 
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500 
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550 


68 


600 
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800 
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210 
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Table 6 provides the following information for the qual- 
ity control officer: 

Columns 1 and 2 provide the seasonal swimming- 
associated gastrointestinal illness rate per 
100,000 swinimers and the associated seasonal geo- 
metric mean for E. coti given in Table 5. 

Columns 3 to 14 provide the corresponding control 
limits for E. coZi. based on geometric means 
of the results of 5 to 20 samples. Since the 
quality control model is independent of time, 
(provided that all data is subject to the same 
interferences), the geometric means for data 
collected on a single day or over a period of time 
can be compared to the control limits. Similarly, 
the geometric mean of data from one or many 
sampling locations representing the same water 
source can be compared to the control limits. 

Column 15 provides the control limits for a single 
sample. Exceedance of these control limits merely 
provides a warning that the established standard 
may be exceeded. 

The quality control limits provided in Table 6 may be 
used as a guide by regulatory agencies in Ontario. 
These agencies can also generate their own quality con- 
trol limits using their own data and experience. Tt is 
recommended that these agencies consult with the MOE 
regarding the appropriate statistical procedures. 

5.3.2 How to Use the Quality Control Model 

The quality control approach provides the health agen- 
cies with a procedure for interpreting the microbiologi- 
cal data generated throughout the swimming season, thus 
allowing decisions to be made regarding possible non- 
compliance with the predefined water quality standard. 

For example: 

a) If a seasonal gastrointestinal illness rate of 700 
per 100,000 swimmers has been accepted, the sea- 
sonal geometric mean F. coll level of 99 per 
100 raL would be the standard. 

%l In Table 6, a geometric mean greater than 325 per 
100 mL for a set of 5 samples (Column 3) indicates 
non-compliance with the seasonal standard. Simi- 
larly, the geometric mean for 6 samples should not 
exceed 293 (Column 4) and the geometric mean for 10 
samples should not exceed 230 (Column 8) to ensure 
compliance with the seasonal E. coll geo- 
metric mean of 99. 
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c) On the other hand, a single sample result in excess 
of 1410 (Column 15) merely provides warning of 
possible non-compliance. In this situation, immed- 
iate additional sampling is warranted. A minimum 
of 4 additional samples is recommended to allow 
calculation of a geometric mean for comparison to 
the control limits provided in Column 3. 

It is recommended that the results which have been 
affected by specific local conditions (e.g., sewage 
bypass, rainfall) should be excluded from the calcula- 
tions of geometric means for quality control purposes. 
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PATHOGENIC BACTERIA 

Salmonella ; 

The Satmonatta group are Gram-negative, motile, rod- 
shaped bacteria that ferment glucose but not lactose. They 
are the causative agent of Salmonellosis, a highly conta- 
gious disease whose symptoms include acute gastroenteritis, 
enteric fever and septicemia. S<ii.montZZa are widely 
distributed and can be found in raw sewage, effluents from 
packing houses and stormwaters (Reasoner, 1976? Hoadley zt 
aZ, 1974; Geldreich et clZ, 1968? and Claudon at 
aZ, 1971). Effective sewage treatment and disinfection can 
greatly reduce the numbers of salmonella in sewage effluents 
(Yaziz and Lloyd, 1979). 

Shigella; 

The genus S h^igtZZa. are Gram-negative, non-motile, 
lactose negative organisms that do not produce hydrogen 
sulphide. They have been isolated from feces of warm blooded 
animals and sewage but tend to survive only for a relatively 
short time in the environment. Shig^ZZa are the main 
etiological agents of bacillary dysentery (Lund, 1978). The 
symptoms of shigellosis typically range from mild transitory 
diarrhea to vomiting, abdominal pains, fever and profuse 
bloody feces. Shigellosis can be transmitted through person 
to person contact, contaminated food and drinking water and 
although less commonly, through bathing in contaminated 
waters. A severe outbreak of shigellosis associated with 
swimming in the highly polluted Mississippi River below 
Dubuque, Iowa was the first epidemic of shigellosis to be 
linked with bathing water (Rosenberg, et al 1976). 

Staphylococus aureus; 

Staphy Zoco c.u.'li au.\taA are Gram-positive, coagulase 
positive, spherical bacteria occurring in irregular clusters. 
S. aa^Ctt-A is the major pathogen of the genus StaphyZo- 
doccas and is a causative agent of purulent infections, 
such as boils and infected cuts and scratches (Evans, 1977). 
The presence of S. aa\ta4 in recreational waters is 
generally attributed to discharges from the mouth, nose, 
throat and body surfaces of swimmers. They are not consi- 
dered to be natural inhabitants of the aqueous environment. 
Studies by Brown, tt aZ (1984) have shown that staphy- 
lococci may be 13 times more chlorine resistant than F. 
coZi. Other studies suggest StaphyZococcvLJn aaxta^ 

are present in relatively low numbers at Canadian beaches 
(MOE 1978, Seyfried 1973, 1980). 
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Legionella; 

Lzglono.tla 4pp., the bacteria responsible for Legionnaires 
disease and Pontiac fever, have been isolated from surface 
waters. Current information suggests that the Li.gionztta. 
^pp. are not commonly found in Canadian surface waters 
(Dutka at al, 1983), On the basis of available 
evidence it can be concluded that Ltgionztta -App- do 
not pose a hazard in recreational waters in Canada. 

VIRUSEvS 

Viruses are minute infectious agents (total diameters range 
from 20-250 nm) that multiply only inside living cells of 
susceptible host tissue. Viruses that multiply extensively 
in the human gastrointestinal tract, e.g., enteric viruses, 
may contaminate recreational waters following their excretion 
in feces and may present a potential health hazard. These 
human enteric viruses include enteroviruses, rotaviruses, 
enteric adenoviruses, enteric coronavirus, and several mor- 
phological categories of small, round, 25-35 nm viruses, 
such as Norwalk agent. There are at least one hundred sero- 
types of enterovirus. These viruses may produce various 
diseases and syndromes in humans, ranging from mild diarrhea 
to acute gastroenteritis, poliomyelitis, hepatitis, or menin- 
gitis (Melnick ct aZ, 1978). Members of virus families 
that are not cultivated routinely in tissue culture may be 
detected by direct electron microscopic examination of either 
feces from patients (McLean and Wong, 1984), or samples of 
recreational waters (Sobsey, 1982). Certain immunoassays, 
which may or may not involve electron microscopy, may also be 
used to detect these non-cultivatable viruses (Doane Zt 
at, 1983). 

Enteric viruses may be excreted in human feces in concentra- 
tions as high as 10^ virus particles per gram. Conventional 
sewage treatment does not entirely eliminate viruses, and 
they are released into receiving waters through sewage efflu- 
ents (England tt at, 1967). 

Several studies in Ontario have confirmed that sewage treat- 
ment plant effluents, even after disinfection, contribute 
viruses to surface waters (Jenkins et a.1, 1982; Sattar 
ef at, 1978; Subrahmanyan zt a,l, 1977). 
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Enteric viruses can also enter surface water in runoff from 
farm and agricultural lands contaminated with animal waste 
(Melnick tt al, 1978). In Ontario, viruses have been 
isolated from a beach site on the Scugog River (Subrahmanyan, 
1977), and from two Conservation Areas in Southern Ontario 
(Jenkins and Cherwinsky, 1982). 

Epidemiological evidence for the waterborne transmission of 
viruses is limited. Cabelli and Dufour have shown that a 
significant risk of contracting swimming-associated gastro- 
intestinal disease may exist in recreational water meeting 
the current microbiologial criteria in the United States 
(Cabelli, 1983a; Dufour, 1984). They suspect Norwalk agent 
or an unidentified "swimmers" virus, to be the agent involved 
(Cabelli 1981; Cabelli 1983a; Dufour 1984). 

It is evident that Norwalk agent plays a major role in water- 
borne gastroenteritis in the United States. In a recent 
outbreak caused by Norwalk agent in Michigan, 121 persons 
became ill after swimming, even though coliform densities 
were within EPA limits (Baron zt at, 1982). 

No outbreaks of hepatitis A have been substantiated as a 
result of contact with recreational waters. The suspected 
water-borne transmission of poliovirus has not been confirmed 
by epidemiological evidence (lAWPRC Study Group, 1983). 

The health hazard posed by the presence of viruses in recrea- 
tional waters is dependent upon the minimum infectious dose 
and the susceptibility of the host. No data are available on 
the minimum infectious dose of rotavirus, Norwalk agent, or 
hepatitis A virus but there is reason to believe that for 
certain highly susceptible individuals a single infectious 
virus particle is sufficient to cause infection. 

Available epidemiological evidence does not indicate that 
widespread outbreaks of viral infections are occurring via 
recreational water. However, it must be emphasized that 
available data may not accurately reflect the role of recrea- 
tional water in virus transmission (lAWPRC, 1983). The long 
incubation period of some viral diseases, the transient 
nature of viral pollution of water, and the inherent diffi- 
culties involved in the identification of viral infections, 
are all factors that make it extremely difficult to recognize 
waterborne viral diseases. The recent epidemiological 
studies conducted by Cabelli and Dufour and by Seyfried cC 
0.1 in Ontario, indicate that the role of recreational 
water in the transmission of viral disease may be severely 
underestimated (Cabelli, 1981; Cabelli, 1983a; Dufour, 
1984; Health & Welfare Canada, 1981). 
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To date, no relationship has been found between the numbers 
of viruses and indicator bacteria in recreational water 
(lAWPRC, 1983). It is likely that no adequate bacterial 
indicator will ever be found that correlates accurately with 
virus levels (Berg, 1978). 

OTHER PATHOGENIC ORGANISMS 

Candida albicans; 

The yeast Candida atb ican^ is regarded as a normal 
component of the body flora of humans and some animals 
(winner and Hurley, 1964). Under certain conditions it can 
become pathogenic and cause infections of the mouth, vagina, 
skin and eyes (Gentle and LaTouch, 1969; Beneke and Rogers, 
1970, Emmons e.t at, 1977). Candida atbican.i has 
been isolated from raw sewage and unchlorinated sewage efflu- 
ents but is rare in properly treated sewage (Ahearn, 1973; 
Buch and Bubucus, 1978; Sherry Zt at. 1979a). It is 
known to survive for several weeks in the aquatic environ- 
ment but reproduction outside a host is regarded to be 
unlikely. However, Brison (1975) reported an increased 
incidence of vaginal infections among women frequenting 
marine beaches contaminated with yeast. Studies of Canadian 
beaches reported low number of this organism, with elevated 
levels coinciding with high fecal coliform counts (Sherry 
e.t at 1979b). The association between candidiasis and 
recreational waters has not been conclusively established. 

Naegleria fowleri; 

Ha<LQlz\la iowt<i,xl is an amoeba that has been identified as 
the main causative agent of primary amoebic meningoencepha- 
litis (PAME) which is usually fatal in humans. Fatal cases 
of PAME were initially recognized in South Australia (Fowler 
and Carter, 1965) and in Florida (Butt 1966). Ha^gt^ixla 
^ovottii can exist in two forms in the environment: as an 
inactive, non-pathogenic cyst in soil or water and as a 
pathogenic, flagellated, "swimming" eimoeba. 

The non- infectious form of Ua<LQtQ.\i.a ^owttxl is ubiqui- 
tous in the soils of most countries. There are several 
mechanisms, including runoff by which they enter bodies of 
water. The cysts may develop into the infectious "swimming" 
form in warm, organically polluted waters. (Carter 1978). 

Two recent studies in the United States investigated the 
distribution of N azgttlia ^ OMtzii in recreational 
waters. Wellings (1979), found Naagttlla f^ouittKi to be 
widely distributed in lakes in Florida, where the ambient 
water temperature is naturally high. Duma (1980), showed 
that the occurence of Na^gtz^Lia {^ouitzA-i in lakes in 
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Virginia increased significantly when water temperatures 
equalled or exceeded, SO'C. A study in Ontario found 
Nazgte.A.A.a App, to be widely distributed in sewage 
effluents and in the Great Lakes. In the same study, 
HaagtzKla iovotzx-L were isolated from two beach sites one 
on Lake Ontario and one on Lake Erie (Health and Welfare 
Canada, 1981). None of these studies differentiated between 
the cyst and the flagellated forms. 

htaQ.gtzx^OL ^omZza.^ would not be expected to present a 
health hazard in most Ontario waters since the ambient water 
temperatures are too low to promote the necessary development 
of this organism. No cases of PAME have ever been reported 
in Ontario (MOH data). 

Schistosomatidae ; 

Schistosomiasis or "swimmers itch" is caused by the cercariae 
of certain schistosomatidae which parasitize birds and 
rodents. The most important dermatitis producing cercariae 
are parasites of waterfowl. The eggs are excreted in the 
bird feces and hatch into flagellated miracidia in the aqua- 
tic environment. The flagellated miracidia swim around 
seeking a specific snail host. Upon accidental contact with 
man, the miracidia may penetrate the human skin. Since man 
is an unsuitable host, these parasites die just beneath the 
epidermis, leaving a protein residue. Subsequent exposure to 
these cercariae can stimulate an allergic response with pro- 
gressive severity following each exposure. Schistosomiasis 
is a problem in Ontario lakes which support populations of 
the appropriate snail host (Health & Welfare Canada, 1983). 

Additional information on Schistosomiasis and its control is 

available through the Hazardous Contaminants and Standards 

Branch of the Ministry of the Environment. (Facts Sheet 
Number 10-02-01). 
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CANDIDATE INDICATORS FOR FUTURE STANDARDS 

ENTEROCOCCUS 

Description 

Enterococcus group are large, ovoid, catalase negative. Gram- 
positive bacteria which grow at 10° and 45 "C in brain heart 
infusion broth. Enterococci are a part of the Lancefield's 
Classification Group D Streptococci. The enterococcus target 
organism is defined by the typical colonies described by 
Levin, et at (1975). The two principal members encoun- 
tered are Streptococcus ^aecium and StKuptococca^ 
(5 a. ceo. -€-0-4 . 

Occurrence and Source 

Enterococci (S. ^ a.i.cati 'd and S. ^acc-cam) are 
found in the feces of warm blooded animals. There is little 
information on the levels of enterococci in Ontario's 
recreational waters. 

In the past, enterococci levels were not routinely enumerated 
in Ontario. Instead, the fecal streptococcus test was done. 
Because it was found that streptococci from non-fecal sources 
were quite ubiquitous and interfered with the accuracy of the 
fecal streptococcus test, the fecal streptococcus objective 
of 20/100 mL of water for recreational use was abandoned in 
1978. 

The specified enterococcal test described by Levin is much 
more specific for S. ^ a. dcat-i -& and S. fjatciam 
which are typically associated with feces. 

Relationship to Human Health 

In studies previously described in section 4.1.3., Cabelli 
(1983a) and Dufour (1984) found a significant relationship 
between the incidence of gastrointestinal disease in swimmers 
and densities of enterococcus in recreational waters. The 
linear relationship between enterococcus densities and inci- 
dence of Highly Credible Gastrointestinal Symptoms in bathers 
at freshwater beaches is illustrated in Figure 1: In fresh- 
water environments, correlation coefficients were similar for 
both enterococcus and E. dot-i at 0.744 and 0.804, 
respectively. In marine waters, the enterococcus exhibited a 
stronger correlation to bather illness than did E. coti. 
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Figure 1: Relationslilp between swimming associated 
gastrointestinal disease and Enterococcus 
(Seasonal G.M. densities, 95% confidence 
limits), in recreational waters 
(from Dufour 1984). 
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TOTAL STAPHYLOCOCCUS 

Description 

Organisms of: the genus Staphij toco cca-i are Gram- 
positive, catalase positive, ferment glucose, produce acid 
anerobically , and exist as irregular, small, ovoid cells. 

Membrane filter analyses are done using Vogel-Johnson agar, 
supplemented with 0.5% filter sterilized sodium pyruvate 
(Reference method). 

Water sample aliquots are filtered through 0.45 urn pore size 
membrane filters. Membrane Filters are placed on supple- 
mented Vogel-Johnson agar and incubated at 35 "C for 24 to 48 
hours. Following incubation, all black, shiny, and round 
colonies are counted as total staphylococci. 

Sources and Occurrence 

Staphylococci occur and persist in lake and river waters but 
are not believed to flourish under these conditions since 
Staphylococci prefer temperatures above 20* C and have fairly 
complex nutrient requirements. The presence of Staphylococci 
in recreational waters has been linked to bather densities. 
Staphylococci can be introduced by nose and throat discharges 
as well as being washed off the skin surfaces of bathers 
(Oriz, 1977). 

Relationship to Public Health 

Robinson and Mood (1966) observed that fecal organisms com- 
prised a minority of the bacteria shed by swimmers, in con- 
trast to the staphylococci which were shed in high numbers. 
Brown (1983) recoimnended the use of total staphylococci as an 
indicator of water quality. 

Limited data are available on the occurrence of Staphylococci 
in Ontario waters. Seyfried and Brown (1983) reported that 
the total staphylococci seasonal mean at nine Ontario beaches 
ranged from 3 to 236 per 100 ML of water. The overall geo- 
metric mean was reported as 150 per 100 mL. Brown (1983) 
found a positive relationship between local iBorbidity in the 
bather population and concentrations of Staphylococci. Brown 
concluded that 5.5% of swimmers could become ill at a level 
of 10 total staphylococci per 100 mL of water. At 100 
staphylococci per 100 mL, about 10% would be affected and at 
1000 staphylococci per 100 mL the total morbidity rate could 
reach 18% of the swimmers. 
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RECOMMENDATIONS FOR ADDITIONAL RESEARCH 
X* Epidemiological studies; 

a) to further refine the relationship between bather illness 
and E. toti, P. aQ^XVLglnoAa, enterococcus and total 
staphylococcus indicator organism densities in Canadian 
waters. 

b) to determine and quanbify other factors that influence 
the bather illness and indicator organism density rela- 
tionship, e.g. variations in sampling locations, 
different sample types (sediment) and meteorological 
factors. 

c) Epidemiological studies to assess the public health 
significance of viruses and other pathogens in 
recreational waters. 

1, Development of a suitable laboratory protocol for 
enterococcus. 

I, Development of improved methods for the recovery and enumer- 
ation of viruses from environmental samples (e.g. Norwalk 
agent and Hepatitis A virus). 
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